
Project Introduction

Often, robots are designed for an environment where most of the constraints
are known by the programmer, therefore allowing for task-specific algorithms
to be used. However in a new environment, randomly moving robots are
prone to getting lost, while more deterministic robots can get stuck in an
unexpected situation. Animals, unlike robots, are capable of quickly adapting
to many different environments. Given their adaptive abilities one would
expect animals to employ some method of navigation towards their goals that
is simple and robust, if not efficient. Comparing cockroaches to robots,
cockroaches have already found a successful balance between sensory input,
mapping, and randomness through evolution. Their methods, once
determined, could provide inspiration for more robust robotic navigation for
applications such as search and rescue or planetary exploration. I propose to
mimic cockroach sensory integration and decision making using a software
model of the cockroaches' central complex. Using data from current studies in
the Ritzmann biology lab, I can generate a model of the brain to synthesize
tactile and visual inputs into navigation decisions. My approach to developing
this controller will take place in three phases. First, I will implement an
algorithm based on cockroach goal seeking behavior in a robot for proof of
concept. Then I will look into the neural bases of these behavioral decisions,
and generate a neural network that makes these decisions in simulation. This
brain model could provide outputs as motor speeds and then be implemented
on the robot from task one. My third and final task will be to work with a gait
controller being developed a CWRU to determine descending commands for
behaviors such as turning and obstacle avoidance, and integrating these
commands with the brain model. Like cockroaches, robots with this brain
model could easily adapt to different environments. In addition to providing
benefits to robotics in exploration and search and rescue, this work will
provide hypotheses for biologists to test, increasing the performance and
accuracy of the model. These robots would reduce the need for human input
to in their activity, by requiring intervention in navigation decisions far less
often and thus could be employed for efficient exploration of a large area,
since little human intervention would be required.

Anticipated Benefits

Like cockroaches, robots with this brain model could easily adapt to different
environments. In addition to providing benefits to robotics in exploration and
search and rescue, this work will provide hypotheses for biologists to test,
increasing the performance and accuracy of the model. These robots would
reduce the need for human input to in their activity, by requiring intervention
in navigation decisions far less often and thus could be employed for efficient
exploration of a large area, since little human intervention would be required.
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